Split beta-lactamase sensor for the sequence-specific detection of DNA methylation.
The methylation pattern of genes at CpG dinucleotide sites is an emerging area in epigenetics. Furthermore, the hypermethylation profiles of tumor suppressor genes are linked to specific tumor types. Thus, new molecular approaches for the rapid determination of the methylation status of these genes could provide a powerful method for early cancer diagnosis as well as insight into mechanisms of epigenetic regulation of genetic information. Toward this end, we have recently reported the first design of a split-protein sensor for the site-specific detection of DNA methylation. In this approach a split green fluorescent protein reporter provided a sequence-specific readout of CpG methylation. In the present work, we describe a sensitive second-generation methylation detection system that utilizes the split enzymatic reporter, TEM-1 beta-lactamase, attached to specific DNA binding elements. This system, termed mCpG-SEER-beta-Lac, shows a greater than 40-fold specificity for methylated versus nonmethylated CpG target sites. Importantly, the resulting signal enhancement afforded by the catalytic activity of split-beta-lactamase allowed for the sensitive detection of 2.5 fmol of methylated target dsDNA in 5 min. Thus, this new sensor geometry represents a 250-fold enhancement in assay time and a 2000-fold enhancement in sensitivity over our first-generation system for the detection of specific sites of DNA methylation.